In light of proposals to improve diets by shifting food prices, it is important to understand how price changes affect demand for various foods.
We reviewed 160 studies on the price elasticity of demand for major food categories to assess mean elasticities by food category and variations in estimates by study design. Price elasticities for foods and nonalcoholic beverages ranged from 0.27 to 0.81 (absolute values), with food away from home, soft drinks, juice, and meats being most responsive to price changes (0.7-0.8). As an example, a 10% increase in soft drink prices should reduce consumption by 8% to 10%.
Studies estimating price effects on substitutions from unhealthy to healthy food and price responsiveness among at-risk populations are particularly needed. (Am J Public Health. THE INCREASING BURDEN OF diet-related chronic diseases has prompted policymakers and researchers to explore broad-based approaches to improving diets. 1, 2 One way to address the issue is to change the relative prices of selected foods through carefully designed tax or subsidy policies. The potential of price changes to improve food choices is evident from growing research on how relative food prices affect dietary quality and obesity, particularly among young people, lower income populations, and those most at risk for obesity. 3 Experience from tobacco tax regulation further underscores the power of price changes to influence purchasing behavior and, ultimately, public health. 4 Experimental research in both laboratory and intervention settings shows that lowering the price of healthier foods and raising the price of less healthy alternatives shift purchases toward healthier food options. [5] [6] [7] [8] Although these studies demonstrate price effects in specific, isolated settings or on 1 or 2 individual product changes, to our knowledge, the expected effects of broader food price changes have not been systematically reviewed. Such information would be helpful in designing policies that change the relative food and beverage prices paid by all or many consumers. Relatively small-scale, cost-neutral approaches to improving nutrition in vulnerable populations include the 2009 changes in the Special Supplemental Nutrition Program for Women, Infants, and Children (WIC) food packages; whole grains, fruits and vegetables, and soy-based milk alternatives were added to these packages, indirectly subsidizing healthy foods for WIC participants. 9 Another larger scale approach is to change prices directly through taxing products such as sugar-sweetened beverages 1, 10 or subsidizing healthier foods (e.g., a refund on the costs of fruits and vegetables to Supplemental Nutrition Assistance Program participants). 11 Some states already tax soft drinks and snacks at higher rates than other foods, but thus far taxes have been small and designed to generate revenue rather than influence consumption. 12 We sought to estimate the effects of price changes on consumer demand for major commodity foods included in the Dietary Guidelines for Americans food categories. 13 We identified all published US studies of food price elasticity of demand (the expected proportional change in product demand for a given percentage change in price) and combined their estimates into average estimated price elasticities for 16 major food and beverage groups. Our goal was to provide a comprehensive summary of research on food demand and consumption behavior in the United States over the past 7 decades, with particular attention to differences in price effects across income levels. One timely estimate that can be gained from our review is how altering the prices of soft drinks can alter their consumption, information that is of critical need for policymakers considering soft drink taxes. We compared the sensitivity of estimates across different analytic approaches to modeling food demand. We identify important gaps in the food demand analysis literature and suggest avenues for future research.
METHODS
We reviewed all US-based studies on the price elasticity of demand for major food categories to determine mean price elasticities by category and assess variations in estimates by study design.
Definition of Terms
The price elasticity of demand is a dimensionless construct referring to the percentage change in purchased quantity or demand with a 1% change in price. It is determined by a multitude of factors: availability of substitutes, household income, consumer preferences, expected duration of price change, and the product's share of a household's income. 14 When the relative change in purchased quantity is below the relative change in price, demand is inelastic (numerically, the absolute value of price elasticity is below 1.0). In contrast, changes in demand that exceed the relative price change reflect elastic demand (the absolute value of price elasticity is above 1.0). For example, when a commodity's purchased quantity falls by 5% owing to a 10% increase in price, the price elasticity of demand is -0.5, reflecting inelastic demand. If the same price increase reduces the commodity's purchased quantity by 15%, demand for the product is elastic (-1.5).
Our review of food price elasticities focused on the effects of price changes on primary demand (also called commodity or category demand), which is consumer demand for a category or group of products measured by quantity purchased. By contrast, brand demand reflects purchases of an individual brand or products. In the case of policy decisions such as those involving taxation or subsidies, parameters of primary demand for a category of products (e.g., soft drinks) are necessary to predict the magnitude of policyinduced changes in consumer demand.
We distinguish between uncompensated and income-compensated price elasticity of demand, with the latter assuming that consumers are compensated for price changes through income changes (i.e., compensated models estimate only substitution between products without including any effects on a consumer's overall budget resulting from price changes). We consider both price demand elasticity and cross-price elasticity of demand for a product. Whereas price elasticity reflects changes in the purchased quantity of a commodity with changes in that commodity's price, cross-price elasticity reflects changes in demand for a particular commodity when prices of other products change. The construct of cross-price elasticities is important from a policy perspective in that relative shifts in prices through taxation or subsidies can affect demand for other products not regulated by policies.
Selection of Studies
Our review included US-based studies estimating the price elasticity of demand for food and nonalcoholic beverages. We reviewed original research articles published in English between 1938 and September 2007. Two independent searches were conducted with the search terms ''food and price elasticity,'' ''price elasticity,'' ''demand elasticity,'' ''food demand,'' and ''price elasticities,'' as well as combinations of these terms with ''food,'' ''meat,'' ''beverages,'' and ''dairy.'' We used a number of databases and search engines to retrieve articles for review, including PubMed, EconLit, JSTOR, and Google Scholar. The reference lists of all retrieved articles were reviewed to identify relevant papers.
In addition to studies published in peer-reviewed journals, our search included working papers, dissertations, and US Department of Agriculture (USDA) technical reports. We retrieved these documents to capture all expert work, particularly USDA studies that appear only in government reports. Tests confirmed the sensitivity of our results to the exclusion of studies from non-peerreviewed sources. Commentaries, editorials, essays, and consensus statements were excluded. We limited our review to US data because of the possibility of crosscountry variations in market, product, and consumer characteristics introducing bias into our interpretations of food price effects in US studies. We included studies focusing on specific population groups or geographic regions to capture all variance in the US data.
Data Extraction and Analysis Variables
Data were independently extracted by one reviewer (T. A. or M. L.) and checked for consistency by the other reviewer. Variables assessed were food product, demand estimation model, data characteristics (study design, time, and source), estimates of price elasticity for all foods and nonalcoholic beverages, estimates of cross-price elasticity for major substitutes or complementary foods, demand elasticity for average and low-income households (if available), statistical significance of elasticity estimates, and publication source and year. Synthesizing data on income elasticity of food demand (food demand responsiveness to income changes) was beyond the scope of our review. We did not use price elasticities for specific types of fruits or vegetables in estimating average fruit and vegetable elasticities because, as a result of the availability of substitutes, demand for specific foods such as apples is more elastic than that for an aggregate group that includes all fruits.
We used the following procedure to extract elasticity estimates. When estimates from multiple periods were reported, we selected the most recent data. In studies providing estimates of both compensated and uncompensated demand elasticity, we used uncompensated elasticity because most of the reviewed studies included only uncompensated demand estimates. We rounded final estimates to the second digit and calculated these estimates as absolute values. In studies with estimates from multiple models, we took mean values. We were interested in estimating the elasticity of fruit prices separately from that of vegetable prices. However, many studies included only one estimate for fruits and vegetables combined, and in these instances we had to assume the same elasticity of demand for fruits and vegetables. If a study estimated demand parameters for both lowincome consumers and all consumers, we included estimates for the 2 groups.
Methodological Variation of Studies
Our goal was not to review methodological details of food demand system estimation, which are available in other reviews, [15] [16] [17] but rather to distill from the existing GOVERNMENT, POLITICS, AND LAW literature food demand parameters that can be useful to the public health community. In doing so, we accounted for variations in methods and data, which affect individual parameters and may have implications for synthesized average estimates. We segmented studies into 3 mutually exclusive categories based on type of data in estimation: time series, household surveys, and retail scanner data.
Time series data were represented by monthly, quarterly, or annual data on food prices, consumption, and expenditures over time (derived from the USDA and the US Department of Commerce). Survey data were taken from cross-sectional national household surveys (e.g., Nationwide Food Consumption Survey, National Food Stamp Program Survey). More recent studies have often involved retail scanner data from commercial providers (e.g., ACNielsen) that track supermarket transactions. We excluded estimates from laboratory experiments, which could change realworld price sensitivity among customers. We also considered the type of demand system estimation model used.
Consumer demand is a function of multiple factors in addition to prices, including product quality, advertising, preferences, and other demand shift variables. Several studies included advertising in their model or provided qualityadjusted and unadjusted elasticity estimates, which we combined because we had insufficient power to consider them separately. We included a decade of data collection, using the median time point for data over multiple decades.
We pooled estimates of price elasticities across studies by food category (if at least 10 studies were available) and computed ranges and means (along with their 95% confidence intervals) for 16 food and beverage categories: beef, cereal, cheese, dairy products, eggs, fats and oils, fish, food away from home (including fast food and restaurant meals), fruit, juice, milk, pork, poultry, soft drinks, sugars and sweets, and vegetables. We had limited statistical power to synthesize estimates for other foods of interest, including fresh fruits and vegetables, fast food, snacks, and candy.
RESULTS
In the sections to follow, we describe the existing US-based studies involving food demand analyses, provide summary estimates of price elasticities for major food categories, and consider variation in estimates across studies.
Description of Available Literature
We identified 464 relevant citations in our literature search. After all selected articles had been retrieved and reviewed, 184 studies with data on food price elasticity remained. We excluded 5 international studies, 4 review articles, 3 studies involving experimental data, and 12 studies with brand-level food price elasticities, leaving 160 studies in our review (a list of these 160 studies is available on request).
Time series data were used in most studies (99 studies, or 62%), followed by household survey data (34 studies, or 21%) and scanner data (27 studies, or 17%). Only 38 studies were published before 1970. Despite increasing interest in the topic, only 9 studies estimated food price elasticities specifically for low-income groups, with 3 studies examining a broad range of foods. [18] [19] [20] Consumer demand for meat, particularly beef and pork, has received substantially greater attention than demand for any other food. Of the 160 studies, 31% provided price elasticity estimates for beef; 29% for pork; 14% for poultry; and 10% for fish. Fewer studies provided estimates for milk (15%), cereal (12%), cheese (12%), and fruits or vegetables (11%). For example, we identified only 6 estimates for fresh fruits and vegetables as a combined category (not including studies focusing on individual vegetables or fruits).
Other foods were considered in less than 10% of all reviewed studies.
Price Elasticity Estimates
Mean price elasticity estimates for the 16 food and beverage groups considered, along with their 95% confidence intervals and ranges, are presented in Table  1 . Overall, our results are consistent with customary characterizations of the demand response to food prices as inelastic; all mean price elasticity estimates were below 1.0 and ranged from 0.27 to 0.81 (all elasticity estimates here and throughout the text are absolute values). Estimates were relatively less inelastic for soft drinks (0.79), juice (0.76), meats (0.68-0.75), fruit (0.70), and cereals (0.60) and most inelastic for eggs (0.27), sugars and sweets (0.34), cheese (0.44), and fats and oils (0.48). Food away from home was most responsive to changes in prices among other categories (0.81) and more elastic than demand for food at home (0.59; however, the latter value is based on 7 studies).
Milk was the most studied category aside from meat (26 estimates). Thirteen studies provided elasticity estimates for specific milk fat levels. Mean elasticities for skim, 1%, and whole milk ranged from 0.75 to 0.79, whereas the mean elasticity for 2% milk was 1.22. [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] Understanding differences in price elasticity for different types of milk and cross-price elasticity for milk with varying fat content is important in food policy analyses that examine approaches to reducing saturated fat consumption (as recommended in the Dietary Guidelines for Americans). Because milk is among the 3 leading sources of saturated fat in the American diet, substitution away from whole milk toward milk with lower fat content is one promising avenue for dietary change. 13 We identified 5 studies that evaluated cross-price elasticities for milk with varying fat content. 22,26,27,30,32 For a 10% increase in the price of whole milk, increases in purchased quantities ranged between 0.6% and 5% for low-fat or reduced-fat milk and between 0. 1% and 2.9% for skim milk. Thus, consumers are more likely to switch to reduced or lowfat milk than skim milk when the price of whole milk increases. Only a small number of studies evaluated the effects of income level on demand elasticity, and thus we were not able to identify consistent differences in estimated price elasticities between low-income consumers and consumers as a whole. Of the 9 studies reporting price elasticity estimates for low-income populations, 7 presented data for both lowincome and all consumers. One study focusing on milk demand showed that demand was more price elastic in low-income populations (1.2 versus 0.66), and a study on fast food depicted a large difference as well (2.09 versus 0.51). 34, 35 However, 3 studies including estimates for a broader group of foods reported essentially no difference, with average elasticities of 0.62 for lowincome populations and 0.64 for consumers as a whole. 18, 20, 36 Of particular importance to policymakers, the available estimates of food price elasticity offer little guidance on a number of key food categories included in the Dietary Guidelines for Americans. Many of the studies reviewed focused on aggregate food categories, with little (if any) consideration for disentangling healthier and less healthy options within categories. Specifically, in the case of many key foods in the Dietary Guidelines for Americans, we did not identify any studies that estimated price elasticities, including cross-price elasticities, to predict within-category shifts between healthier and less healthy alternatives. These foods included whole grain products as well as substitutions between brown and white rice, baked and regular chips, lean and regular types of meat, and reduced-fat and regular cheese.
Although the public health community is attempting to increase people's intake of whole grains, existing research offers no data to predict price-induced shifts in purchases of whole grain products. We found no estimates of how quantities of whole wheat bread purchased would react to changes in the price of refined flour bread. Only 1 study estimated price elasticities for diet and regular soft drinks, 28 and the authors did not offer cross-price elasticities (although a number of brand-level studies have examined substitutions between specific brands of diet and regular soft drinks). One study estimated price elasticities for snack food and candy, and 2 studies offered estimates for fast food. 28, 37, 38 Despite an increasing focus on nutrient density, we did not identify any studies with elasticity estimates for specific nutrients such as saturated fat.
Sensitivity of Estimates Across Studies
For virtually all estimated demand functions, there is evidence of persistence in food purchasing behavior. For beef, the most commonly analyzed food in our review, we found little variation in elasticity estimates across study designs. Type of demand model, data, peer review status (i.e., peer review versus no peer review), study size (multiple versus single categories of foods), and time of data analysis were not significantly related to the estimates in beef analyses (either jointly in F tests or individually in t-test comparisons). Similarly, the estimated parameters for pork, cheese, and vegetables did not vary significantly according to study methodology. There was some variation in how type of demand system model and data affected estimates in studies on milk, fruit, and fish. However, because of the smaller number of data points (e.g., 18 for fish and 26 for milk versus 51 for beef), these findings must be interpreted with caution.
Given the heightened interest of legislators in the soft drink category and the importance of estimating price elasticity of demand for soft drinks to forecast tax effects, we calculated alternate elasticity estimates based on different assumptions or definitions of soft drinks as a product. The mean price elasticity for the soft drink category (0.79, absolute value) was based on 14 estimates in which definitions of the category varied; category definitions included soft drinks, carbonated soft drinks, juice and soft drinks, soda, soda and fruit ades, nonalcoholic beverages, other beverages (all nonalcoholic beverages excluding milk and juices), and, in 1 study, beverages (the exclusion of this final study had essentially no effect on the mean estimate, increasing it from 0.79 to 0.82).
In a more conservative approach to defining the category of soft drinks, we included 7 studies with estimates for soft drinks, carbonated soft drinks, soda, and soda or fruit ades, with a mean 
DISCUSSION
Considerable data are available on price elasticities of demand for certain foods. We found mean price elasticity estimates ranging from 0.27 to 0.81 (absolute values), with the highest price elasticities for food away from home, soft drinks, juice, meats, and fruit and the most inelastic demand for eggs. Higher elasticity estimates suggest greater changes in population purchases as prices shift. From a public health perspective, more elastic demand for food is encouraging if change in demand is a priority (e.g., decreased intake of sugar-sweetened beverages and increased consumption of fruits and vegetables). Such data help bridge the public health and economics communities and begin to establish a vision of where price changes might have the greatest impact on consumer food choices, nutrition, and health.
Although economists have published extensively on the effects of price changes on commodity-and brand-level demand for foods and beverages, substantial gaps in the research base exist. These gaps must be filled to gain a more complete understanding of the public health impact of policies that realign food prices. The studies we reviewed did not assess the effects of price changes on substitutions from unhealthy to healthy food choices for many of the key categories (e.g., whole grains) in the Dietary Guidelines for Americans, which are targets in public health campaigns. There is some evidence to suggest that low-income populations may be more sensitive to price changes than the overall population. 3 Still, current data on the role of income are rather limited, and assessments of differences in responsiveness to food prices according to age, education, culture, or ethnicity are not available.
The effects of cigarette taxes on smoking prevalence demonstrate the significant potential of tax policies to modify purchasing behavior. 4 The public health benefit of even moderate price increases for unhealthy foods can be compared with the demand effect of moderate changes in the price of cigarettes. For example, a negligible change in the price of cigarettes (0.03% of weekly earnings) reduced smoking prevalence by 0.3% among Australian adults. 42 In contrast, the World Health Organization concluded that large tax increases have been the most effective policy for reducing tobacco use. 43 In addition, studies of cigarette taxation suggest that young people may be more responsive to price changes and taxes than the adult population. 44 This is an important consideration in evaluating the potential effects of food tax or subsidy policies on children's food purchases and childhood obesity.
Food Policy Implications
As a result of their negative effects on nutrition and their current taxation status, soft drinks offer a possible target for public health tax policies. 1, 45 On average, sugar-sweetened beverages contribute 301 kcal (1260 kJ) per day per capita (13% of total daily energy values) to the diets of American adolescents. 46 Assuming no substitution of soft drinks with other caloric beverages and no change in other factors affecting purchasing behavior, our estimates of the price elasticity of soft drinks suggest that a 10% tax on soft drinks could lead to an 8% to 10% reduction in purchases of these beverages. Small changes add up. One USDA study that estimated potential weight loss from various tax rates on salty snacks under a range of price elasticities predicted that a 10% price increase from a national sales tax could reduce body weight between 0.2 and 0.99 lb (0.1-0.5 kg) per year while generating approximately $1 billion in tax revenue. 47 State governments already target sales taxes at soft drinks and selected snack foods. As of January 2009, 33 states taxed the sale of soft drinks at an average rate of 5.2%. 48 Of importance to policymakers, recent surveys show that the public is willing to pay increased taxes if the funds generated are used to address childhood obesity. 49, 50 Although the potential public health benefits of price changes in specific food categories can be estimated, it is essential to assess changes in consumer behavior as price changes occur. For example, in the event of higher prices resulting from increased taxes, consumers could increase their caloric consumption from fruit juice to compensate for their reduction in soft drink intake, or, more positively, they might generalize the healthy changes they make to other categories of foods. It is also important to consider how governments use revenues generated by changes in economic policies such as taxes. For instance, regressive food taxes could be offset by using revenues to lower the costs of healthy foods, particularly for low-income population groups.
Such policies are under consideration. The Food, Conservation and Energy Act of 2008 (known as the ''Farm Bill'') authorized a $20 million pilot study examining the use of price incentives to promote consumption of fruits, vegetables, and other healthy foods among food stamp recipients.
11 On the basis of our mean price elasticities of 0.70 for fruits and 0.58 for vegetables, a 10% reduction in the price of these foods would increase purchases on average by 7.0% and 5.8%, respectively.
As such, changes in prices alone would probably not increase consumption of fruits and vegetables to the levels recommended in the Dietary Guidelines for Americans. However, price changes combined with public education campaigns and other regulations affecting the food environment in institutional and home settings may have a multiplicative effect that could significantly improve diets, particularly among at-risk population groups. Although demand for food is relatively inelastic, the power of small price changes, especially applied to foods most responsive to such changes, should not be underestimated given that their effects accumulate across a population.
Our review had limitations. For example, we used combined estimates of price elasticity for fruits and vegetables (which were the only available estimates in many studies), and thus we may have underestimated the separate price elasticities of demand for fruits and vegetables. In addition, none of the studies included in our review were published after September 2007 (when we completed the review). Finally, our synthesis of estimates was a simplified calculation of means rather than a meta-analysis, which could not be conducted given the lack of elasticity estimate standard errors in the literature.
Conclusions
Economic shocks such as falling income in a recession or dramatic increases in energy or food prices can lead to changes in purchasing behavior that are not necessarily predicted by elasticity estimates calculated with data collected under normal market conditions. It is important to understand the effects of such economic circumstances on diet quality, particularly in lowincome groups. The fear is that increasing food prices or falling incomes in a recession create pressure to purchase the foods lowest in cost, which makes processed, calorie-dense foods more attractive. Given the relative consensus in the economic community about the magnitude of food price elasticities and the observed gaps in research related to substitutions between healthy and unhealthy foods, future research should focus on predicting the impact of specific public health policies aimed at improving diets and reducing the burden of chronic disease. j 
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